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Label Display Name: Eugenol Other Names: 4-Allyl-2-methoxyphenol, Allyl-
guaiacol, 1,4-Eugenol; 1-Hydroxy-2-methoxy-4-pro-
Active Components: Eugenol penylbenzene, 2-Methoxy-4-allylphenol, Eugeno-

lum, 5-Allylguaiacol, Phenol; Eugenic acid
CAS Registry #: 97-53-0
Other Codes: BRN: 1366759; Caswell 456BC;
U.S. EPA PC Code: 102701 CCRIS 306; CRC: HDW90-Y; FEMA 2467; RTECS:
SJ4375000; Flavis: 04.003; JECFA: 1529
CA DPR Chem Code: 2095

Summary: Eugenol is a naturally occurring aromatic compound derived primarily from cloves, and used
as a flavoring agent. As a pesticide, it has many uses. The EPA allowed eugenol to be used as an active in-
gredient in minimum risk pesticides because of its long history of human exposure and safe use as a food
ingredient. However, it is not permitted for use on food crops because there is no established tolerance
or exemption from tolerance.

Pesticidal Uses: While Eugenol is most often used as a mosquito repellent, or as an attractant to Japanese
beetles and other beetles, it's also employed as an insecticide targeting wasps, yellow jackets, hornets and
other stinging or biting insects, and against tent caterpillars. Eugenol may be applied as a fungicide or bac-
tericide, and as a plant growth regulator to promote lettuce seed germination, or thin tree fruits.

Formulations and Combinations: Eugenol is often combined with other essential oils, particularly mint
oil, cinnamon oil, and geraniol. In Japanese beetle traps, it is combined with 2-phenethyl propionate (PeP).
Other ingredients reported in minimum risk products include water, citric acid, lauric acid, gum Arabic,
xanthan gum, sodium acetate, vinegar, sodium lauryl sulfate, lecithin, mineral oil, sodium bicarbonate,
and potassium oleate.

Basic Manufacturers: Firmenich, Florida Treatt, Fluka/Sigma-Aldrich, Givaudan, Merck, Penta Manufac-
turing, Schweizerhall, Wako, Kanto.

This document profiles an active ingredient currently eligible for exemption from pesticide registration when used in
a Minimum Risk Pesticide in accordance with the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) section
25b. The profile was developed by the New York State Integrated Pest Management Program at Cornell University,
for the New York State Department of Environmental Conservation. The authors are solely responsible for its con-
tent. The Overview Document contains more information on the scope of the profiles, the purpose of each section,
and the methods used to prepare them. Mention of specific uses are for informational purposes only, and are not
to be construed as recommendations. Brand name products are referred to for identification purposes only, and
are not endorsements.
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Eugenol Profile

Safety Overview: Eugenol is classified as a flower oil by US EPA (McDavit and Matthews 2012). EPA waived
toxicological data requirements for eugenol because of its long history of exposure to humans, and a de-
termination that its use as a pesticide is unlikely to have adverse effects on human health (Shaukat 2010).
Eugenol has been identified as a potential carcinogen by the Ames test, but it is not currently classified as a
carcinogen by the National Toxicology Program or the International Agency for Research on Cancer.

Background

The primary uses of eugenol are as a fragrance and flavor. It is also used as a pesticide and has several
applications in dentistry. Eugenol is a naturally occurring component of numerous plant essential oils,
including those of cloves (Szygium aromaticum, Eugenia aromatica, or Eugenia caryophyllus), cinnamon
(Cinnamomum spp.), basil (Ocimum spp.), allspice (Pimenta dioica), bay laurel (Laurus nobilis), turmeric (Cur-
cuma longa), and other plants (Debboun et al. 2007; Khan and Abourashed 2010). It is an allyl chain-sub-
stituted guaiacol that is slightly soluble in water. First isolated from cloves in 1826 (ChemNetBase 2015),
clove oil remains the primary commercial source of eugenol. Clove bud oil has between 60-90% euge-
nol, clove stem oil contains about 90-95% eugenol, and clove leaf oil has 82-88% eugenol (Khan and
Abourashed 2010).

Eugenol can be synthesized by various methods (Brauer et al. 1963; Bhagat et al. 1982), but steam dis-
tillation of clove oil is the main process by which eugenol is isolated. Hydrodistillation is the traditional
method used, and some eugenol is extracted using a synthetic solvent, such as dichlormethane. Super-
critical extraction with carbon dioxide increases the oil yield from clove buds, but lowers the eugenol
content (Guan et al. 2007). Indonesia is the world's largest producer of cloves, accounting for over half of
the global production. The next three leading countries, Madagascar, Tanzania, and Sri Lanka, account for
another 15% (FAO 2015). No other country accounts for more than 1% of global production.

Clove oil appears on the EPA 25(b) eligible active ingredient list as a separate entry and has a different
pesticide classification code (220700). Closely related compounds include the isomer, isoeugenol (CAS
#97-54-1) and the methylated form, methyl eugenol (CAS #93-15-2). These substances may occur as
impurities in technical grade eugenol. Isoeugenol is rarely found in nature (Nurdjannah and Bermawie
2001); methyl eugenol is more common. For example, samples of the Mexican marigold (Tagates lucida or
‘pericon’ in Spanish) had higher levels of methyl eugenol than of eugenol (Franz and Novak 2009).

Chemical and Physical Properties

The molecular structure of eugenol is presented in Figure 1.

Figure 1 HO

Molecular Structure of Eugenol

Source: EMBL 2015 w
0 CH,
CH,
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Table 1
Physical and Chemical Properties of Eugenol
Property Characteristic/Value Source
Molecular Formula: C,oH,,0, (Merck 2015)
Molecular Weight: 164.20 (Merck 2015)
Percent Composition: C-73.15%, H-7.37%, 0-19.49% (Merck 2015)
Physical state at 25°C/1 Atm. Liquid (Merck 2015)
Color Colorless to pale yellow (Merck 2015)
Odor Odor of cloves (Merck 2015)
Density Specific Gravity 1.0664 at 20°C (Merck 2015)
Melting point 9.1-9.2° C (Merck 2015)
Boiling point 255°C (Merck 2015)
Solubility Practically insoluble in water; Soluble in ether, (Merck 2015)

most fixed oils

Vapor pressure

<0.1 hPa (< 0.1 mmHg) at 25 °C

(Sigma-Aldrich 2014)

pH Not found

Octonol/Water (K ) coefficient | log Kow = 2.49 (Dias et al. 2003; HSDB 2015)
Viscosity Not found

Miscibility Miscible in alcohol, chloroform, ether, oils (Merck 2015)

Flammability Flash point: 112°C (closed cup) (Sigma-Aldrich 2014)

Storage stability

Stable, incompatible with strong oxidizing agents

(Sigma-Aldrich 2014)

Corrosion characteristics

Not found

Air half life 3.37 hrs. (EP12012)
Soil half life 720 hrs. (EPI12012)
Water half life 360 hrs. (EP12012)
Persistence Not found

Human Health Information

The EPA affirmed earlier studies concluding that registered pesticide products—specifically floral attrac-
tants, repellents, or insecticides—containing eugenol as an active ingredient create no adverse effects to
humans when used according to label directions (US EPA 2000).

Acute Toxicity

The acute toxicity of eugenol is summarized in Table 2.
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Table 2
Acute Toxicity of Eugenol
Study Results Source

Acute oral toxicity Rat: 1,600-2,970 mg/kg (Jenner et al. 1964; Gwynn 2014;

Mouse: 2,400-3,750 mg/kg Shaukat 2010)

Guinea pig: 1,860-2,480 mg/kg
Acute dermal toxicity 1,000 mg/kg (Shaukat 2010)
Acute inhalation Rat: 11 mg/kg (LaVoie et al. 1986)
Acute eye irritation Not found
Acute dermal irritation Severe irritation at 24 hours—Category (Shaukat 2010)
Skin sensitization Not a sensitizing agent (Shaukat 2010)

Eugenol is recognized as a skin and eye irritant (Gwynn 2014), and has sedative properties (Heuberger
2009). The oral LD, values are somewhat variable (Jenner et al. 1964, Shaukat 2010; Gwynn 2014). While
fatal overdoses are rare, they have occurred and there is no known antidote (HSDB 2015). Results for

the murine local lymph node assay (LLNA) and guinea-pig maximization test (GPMT) were both positive,
indicating that eugenol is a contact sensitizer and has the potential to cause allergic reactions (Hilton et al.
1996). These results show that eugenol stimulates the immune system and has the potential to increase
the potential for eye and skin irritation. The test for respiratory sensitization was negative.

Sub-chronic Toxicity

The sub-chronic toxicity of eugenol is summarized in Table 3. Although some human health incidents in-
volving eugenol pesticides have been reported to the EPA, they have waived most of eugenol’s sub-chron-
ic toxicity data requirements (McDavit and Matthews 2012). Those incidents were of minor injuries
involving products formulated with multiple active ingredients including capsaicin, phenethyl propionate,
pyrethrins, and (r,z)-5-(1-decynyl) dihydro-2(3H)-furanone. The EPA concluded that these reports did not
indicate any risk from the use of eugenol, or geraniol and oil of the mustard—the other two flower oils
involved in similar incidents. (McDavit and Matthews 2012).

Methods in a number of tests conducted on eugenol or isoeugenol were not comparable to the OPPTS
Guidelines, mainly in terms of time periods. The exceptions, as described in Table 3, involved failure to
meet guidelines due to duration of the experiments, or because doses included ingredients other than
pure eugenol, which may have confounded the results. Oral doses increasing from 1,400-4,000 mg/kg
body weight administered to rats over 34 days resulted in slight liver enlargement with yellow discolor-
ation. Eugenol fed to rats produced slight enlargement of the liver and adrenal gland, with marked yellow-
ish discoloration (Hagan et al. 1965). The forestomachs of the study’s rats showed a moderately severe
hyperplasia and hyperkeratosis of the stratified squamous epithelium associated with focal ulceration.

Eugenol is classified as an allergen (EMBL 2015). A Japanese study found the frequency of positive allergic
reactions to patch tests on patients with cosmetic dermatitis was 2.6% for eugenol and 5.2% for isoeuge-
nol (Itoh 1982). One study estimated that four out of every 1,000 Europeans are allergic to eugenol (De-
myttenaere 2010). Estimates for sensitive populations vary. Patch tests for eugenol in patients suffering
from ‘cosmetic dermatitis’ were positive in 2.6% (4/155) of cases in one study (IARC 1985).

Page 4 0of 15



Eugenol Profile

Table 3

Sub-chronic Toxicity of Eugenol

Study

Results

Source

ity Study in Rodents

Repeated Dose 28-day Oral Toxic-

No adverse effects at doses up to 2,000 mg/kg/day

(Sipes and Mattia 2006)

90-day oral toxicity in rodents

Rat: No adverse effect was observed at 79.3 mg/kg

(Sipes and Mattia 2006;

days. Lost body weight reduced intake of food and
water; no abnormalities observed in lung tissues

of body weight per day for 12 weeks HSDB 2015)
Mice: No mortality or compound gross related
effects or microscopic pathology

90-day oral toxicity in non-ro- Not found

dents

90-day dermal toxicity Not found

90-day inhalation toxicity Rat: 0.77 - 2.58 mg/L for 4 hours per day for 14 (Clark 1988)

Reproduction/development
toxicity screening test

Not found

Combined repeated dose toxicity | Not found
with reproduction/development

toxicity screening test

Prenatal developmental toxicity Not found
study

Reproduction and fertility effects | Not found

Eugenol has been associated with a reddening irritation (erythema), and in some cases, ulcers and diffuse
inflammation in some dental applications (Lilly et al. 1972). Inhaled eugenol via commercially available
clove cigarettes is associated with pulmonary edema.

Chronic Toxicity

The chronic toxicity of eugenol is summarized in Table 4.

Table 4

Chronic Toxicity of Eugenol

Study

Results

Source

Chronic toxicity

Negative

(IARC 1985)

Carcinogenicity

Rats: Negative; Mice: Equivocal

(HSDB 2015)

Combined chronic toxicity &
carcinogenicity

Not mutagenic to Escherichia coli or
Salmonella typhimurium (see below);
Genotoxic to Chinese hamster cells.

(IARC 1985; Maralhas et al. 2006)

Eugenol was not mutagenic to the Salmonella typhimurium strains TA1530, TA1535, TA1537, TA 1538, T
A98 or TA 100 in the presence of S9 from the livers of polychlorinated biphenyl induced rats, Aroclor-in-
duced Syrian hamsters, or mice. However, it was mutagenic to S. typhimurium TA 1535 and TA 100 in the
absence of an exogenous metabolic system but not to strains TA 1537, TA 1538 or TA 98 in either the
presence or absence of a metabolic system (IARC 1985). The International Agency for Research on Cancer
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(IARC) concluded that given the widespread exposure and absence of human epidemiological data, no
evaluation could be made of the carcinogenicity of eugenol to humans—even though eugenol is a poten-
tial carcinogen. Therefore, IARC considers eugenol as “not classifiable” as to its carcinogenicity to humans
(Group 3) (IARC 1985). Eugenol has been identified as one of a number of naturally occurring pesticides
that may be potential carcinogens (Ames, Profet, and Gold 1990). Assays done on cultures of Chinese
hamster cells showed significantly greater mutation and reduplication than the control, which led to the
conclusion that eugenol is genotoxic and a possible carcinogen (Maralhas et al. 2006). The results of a
bacterial reverse mutation test for eugenol were negative (Shaukat 2010).

The National Toxicology Program concluded that eugenol was not carcinogenic to male or female rats. In
mice, however, there was equivocal evidence of carcinogenicity because eugenol increased both car-
cinomas and adenomas of the liver in male mice at the 3,000 ppm dietary level, and an increase in the
combined incidences of hepatocellular carcinomas or adenomas in female mice (HSDB 2015). Eugenol is
not considered by California to be a chemical known to cause cancer. However, methyl eugenol was listed
as a substance of “low carcinogenicity concern” by California in 2001 (Cal-EPA OEHHA 2016).

Human Health Incidents

Between April 1, 1996 and March 30, 2016, the National Pesticide Information Center (NPIC) received 20
reported human health incidents involving eugenol as an active ingredient (NPIC 2016). Most of these
involved multiple active ingredients, and a number were EPA registered pesticides.

Environmental Effects Information

Effects on Non-target Organisms

The EPA conducted a risk assessment that supported a complete endangered species determination

for eugenol and other flower oils in registered pesticide products. Due to the low use volume of these
products and because they are not applied directly to water, the ecological risk assessment showed a “no
effect” determination for endangered or threatened terrestrial or aquatic species (Moore 2011; McDavit
and Matthews 2012). As with other flower oils, the EPA waived non-target organism data requirements for
eugenol when used in registered pesticides (McDavit and Matthews 2012). These waivers were granted in
May 1976 and re-granted in June 1990, prior to the establishment of criteria for exemption from registra-
tion (Moore 2011). Between April 1, 1996 and March 30, 2016, NPIC received 11 reports of animal related
incidents involving eugenol as an active ingredient (NPIC 2016). Most of these involved multiple active
ingredients and a number were EPA registered pesticides.

Available data for the effects of eugenol on non-target organisms are summarized in Table 5.

Table 5
Effects of Eugenol on Non-target Organisms
Study Results Source
Avian Oral, Tier | Bobwhite quail (Colinus virginianus): >10,000 mg/kg bw | (Gwynn 2014)

Non-target plant studies | Not found

Non-target insect studies | Not found (see below)
Aquatic vertebrates Rainbow trout: LC,, >10 mg/I (96 hr); 61.5 mg/L/24 hr | (Stroh et al. 1998; Gwynn 2014)
Aquatic invertebrates Daphnia magna 1.11 mg/l (48 hr) (Gwynn 2014)
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Juvenile Coho salmon ((Oncorhynchus kisutch), a non-target aquatic vertebrate, responded to eugenol ex-
posure with LC, values of 67.6 mg/L at 24hr (Stroh et al. 1998). Efficacy as an herbicide also gives eugenol
the potential to damage non-target plants (Tworkoski 2002). However, no data was found to support that
concern. African clawed frogs (Xenopus laevis) exposed to 350 pg/L of eugenol for ten minutes suffered re-
nal tubular apoptosis, hepatic necrosis, hyaline membranes in the lungs, and adipose tissue hemorrhages
(Goulet et al. 2011).

Environmental Fate, Ecological Exposure, and Environmental Expression

The environmental fate and degradation of eugenol is summarized in Table 6.

Table 6
Environmental Fate, Ecological Exposure, and Environmental Expression of Eugenol
Study Results Source
Leaching series Not found
Photodegradation in water Not found
Photodegradation in air Isoeugenol was 79% photodegraded | (HSDB 2015)
after 10 days
Photodegradation in soil Not found
Ready biodegradability Fully biodegradable (HSDB 2015)

Eugenol is considered to be extremely volatile and degradable in air, soil, and water, including through
microbial activity (Gwynn 2014). While there was no empirical data for photodegradation in soil and wa-
ter, eugenol may degrade in water and on surfaces exposed to sunlight (HSDB 2015).

Environmental Incidents

Between April 1, 1996 and March 30, 2016, NPIC received 29 reported incidents involving eugenol as an
active ingredient, but none were characterized as human health or animal related (NPIC 2016).

Efficacy

Eugenol has contact activity through the disruption of cell walls, membranes, or, in the case of microor-
ganisms, organelles (Gwynn 2014). As noted above, the mode of action is dose-dependent; in some cases,
it will serve as an attractant at low doses and a repellent at high doses.

Insecticidal activity

Eugenol is recognized as a relatively strong and moderately durable mosquito repellent (Moore et al.
2007). One study found that Terminix ALLCLEAR® Sidekick® mosquito repeller, a 25(b)-exempt repellent
formulated with 13% eugenol along with cinnamon oil, geranium oil, peppermint, and lemongrass oil
repelled the mosquito species Aedes albopictus and Culex pipiens at a rate not significantly different from
a repellent having metafluthrin as its active ingredient (Revay et al. 2013). The authors concluded that the
formulation “provided a consistent and satisfactory level of protection from biting mosquitoes.” Eugenol
also can act as an anti-feedant (Regnault-Roger 1997). A number of mosquito repellents use eugenol as a
component, either in concentrated form or with cinnamon and clove oils.
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Eugenol killed Ochlerotatus caspius mosquito larvae with the LC_ values of 7.53 mg/L for 24 hours and
5.57 mg/L for 48 hours; for Aedes aegypti, the LC,; was 33 mg/L in an experiment conducted in Lebanon
(Knio et al. 2008). In a laboratory study, eugenol extracted from Ocimum basilicum and O. sanctum induced
100 percent mortality in Anopheles stephensi, Aedes aegypti, and Culex quinquefasciatus mosquitos at a dose
of 7 L/ha in 30-35 minutes (Bhatnagar et al. 1993).

Eugenol at 0.25 mg/cm? was as potent in killing human head lice (Pediculus capitis) as the botanical
insecticide pyrethrum and the synthetic pyrethroid &-phenothrin, but was slightly less effective than the
pyrethroids at 0.125 mg/cm? (Yang et al. 2003). The same study found eugenol vapor was a potent louse
ovicide. At a dose of 1.0 mg/cm?, only 3% of the louse eggs hatched.

By itself, Eugenol attracts Japanese beetle (Popillia japonica); when combined with PeP (2-Phenethyl Propi-
onate) the result is a more effective trap attractant (McGovern et al. 1970; McGovern et al. 1973; Ladd et
al. 1974, 1975). In Chinese experiments, the closely related Chinese scarab, Popillia quadriguttata, a pest
of turf, soybean (Glycine max), corn (Zea mays), and horticultural crops, was trapped at a rate comparable
to the results found with Japanese beetles (Chen et al. 2013). The white-spotted flower chafer (Protaetia
brevitarsis)—a scarab beetle and a significant corn pest in China—was also trapped using this Japanese
beetle bait, though not as effectively as P. quadriguttata (Chen and Li 2011). Another pest attracted by
eugenol is the scarab beetle of peanuts, Maladera matrida (Ben-Yakir et al. 1995). These formulations are
also effective attractants in experiments with other beetles, particularly those in the scarab family. Euge-
nol was attractive to Euphoria sepulchralis, though not as attractive as geraniol and eugenol + geraniol +
phenyethyl propionate (7:3:3 ratio) (Cherry and Klein 1992). In experiments conducted in Israel's Negev
Desert, eugenol by itself was found to be a superior attractant compared to PeP, geraniol, or lavender
oil. However, when the lure was combined with methamidophos—an EPA-registered organophosphate
insecticide and sold under the brand name ‘Monitor'—the repellency of the insecticide overwhelmed the
attraction of the eugenol (Ben-Yakir et al. 1995).

Eugenol is not acutely toxic to the post-harvest storage pests maize weevil (Sitophilus zeamais) and red
flour beetle (Tribolium castaneum). Toxicity tests with S. zeamais found eugenol LD, values were approx-
imately 30 pg/mg insect. For T. castaneum, eugenol’s LD, was 30.7 ug/mg (Huang et al. 2002). Eugenol,

at concentrations of 1 puL/kg grain, was effective at killing grain beetles Sitophilus granarius, Sitophilus
zeamais, Tribolium castaneum and Prostephanus truncates under laboratory conditions in Germany (Obeng-
Ofori and Reichmuth 1997). Eugenol's efficacy was confirmed under storage conditions (Obeng-Ofori and
Reichmuth 1999). Bean weevil (Acanthoscelides obtectus) eggs, larvae, and adults are all susceptible to eu-
genol toxicity (Regnault-Roger et al. 2012). The LD, of eugenol for wireworms (Agriotes obscurus)—a click
beetle that is a pest in cereal and forage crops—was 516.5 pg/larva (Waliwitiya et al. 2005).

Eugenol and mixtures of eugenol with alpha-terpineol and cinnamic alcohol can be effective insecticides
against American cockroaches (Periplaneta americana) (LC,, = 0.047 mg/cm?) and German cockroaches
(Blattella germanica) (LC,, = 0.021 mg/cm?) (Enan 2001). Exposed American cockroaches demonstrated
hyperactivity followed by hyperextension of the legs and abdomen, then fast immobilization followed

by death. The above application rates are fairly low compared to other eugenol studies on cockroaches.
Eugenol disrupts cockroach cell binding of octopamine (Price and Berry 2006). One study found that 0.206
mg/cm? of eugenol rendered 50% of tested American cockroaches immobile within 24 hours (knock-
down), and 0.148 mg/cm? killed 50% of test organisms within 96 hours. The values were not significantly
different, and the authors noted that at lower doses, eugenol was slightly more effective in inducing mor-
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tality than as a knockdown (Ngoh et al. 1998). Tests of eugenol formulated with benzyl acetate and phenyl
ethyl alcohol as additional active ingredients not eligible for use in minimum risk pesticides showed
effective toxicity against the German cockroach (Blatella germanica), cat fleas (Cunocephalides felis), and
Argentine ants (Iridomyrmex humilis) (Bessette and Knight 2000).

Carpenter ants (Camponotus pennsylvanicus) were susceptible to eugenol (LC,; = 0.012 mg/cm?) (Enan
2001), but it did not deter the feeding of Formosan termites (Coptotermes formosanus) when applied di-
rectly to blocks of wood (Cornelius, Grace, and Yates 1997).

Eugenol demonstrated acaricidal activity against the dust mites Dermatophagoides spp (Choo et al. 2004)
and Tyrophagus spp (Kim et al. 2003) in South Korean experiments. The LD, of eugenol for Dermato-
phagoides farinae adults was 4.8 pg/cm? (0.48 kg/ha). For Dermatophagoides pteronyssinus adults, the LD,
was 3.7 pg/cm? (0.37 kg/ha) (Choo et al. 2004). Adult mites of the species Tyrophagus putrescentiae, the
LD, value for eugenol derived from clove bud oil is 12 pg/cm? (1.2 kg/ha)(Kim et al. 2003). Eugenol derived
from pimento (Pimenta dioica) prevented oviposition of the cattle tick, Boophilus microplus, at doses of 1.0
mg/g of seed (Brown et al. 1998).

Molluscicidal activity

Snails and other mollusks are susceptible to eugenol toxicity and are also attracted to the odor. For ex-
ample, a snail, Lymnaea acuminate, that serves as an intermediate host and vector of various helminthic
parasites of the Fasciola genus was exposed to eugenol under various aquatic and terrestrial conditions
in India (Agrahari et al. 2012). The LC, varied widely depending on temperature and other abiotic condi-
tions. Both starch and proline—the amino acid found in gelatins—were used as a base, along with a snail
attractant. The 24 hour LC, ranged between 2.55 and 10.73, with the greatest activity at elevated tem-
peratures.

Herbicidal activity

Eugenol's phytotoxic properties were first recognized in the 1980s, but understanding the mode of action
and testing its efficacy as an herbicide lagged by about 20 years. In an experiment that looked at the
germination of weed species, eugenol was applied once to filter paper on top of seeds in a Petri dish.
Eugenol prevented germination of hairy beggartick (Bidens pilosa) at a concentration of 10 pL per treated
Petri dish and of coffee weed (Cassia occidentalis) in India at a concentration of 20 pL per treated Petri dish
(Vaid et al. 2010). Another study in India compared the effects of eugenol on grassy and broadleaf weeds.
The grassy weeds included barnyard grass (Echinochloa crus-galli), small canary grass (Phalaris minor),
Asian sprangletop (Leptochloa chinensis), and johnsongrass, as well as four broadleaf weeds: goatweed
(Ageratum conyzoides), Bengal dayflower (Commelina benghalensis), coffee weed, and hairy beggartick
(Ahuja et al. 2015). The results showed eugenol inhibited grass root growth more than broadleaf. This
effect was replicated on wild oats (Avena fatua) (Ahuja et al. 2015). The mode of action was thought to be
the generation of reactive oxygen species (ROS) leading to oxidative stress and membrane damage in the
root tissue. The phytotoxic properties of eugenol also make it effective as a fruit thinner. Eugenol was
applied by an air-blast sprayer during bloom to Royal Gala, Ace Spur Delicious, Cameo, Sun Fuji, and Red
Delicious apple trees, as well as to Harrow Beauty, John Boy, and Lovell peach trees. Rates ranged from
0-10% and the total amount was calibrated by variety. There was considerable variability among the vari-
eties and growing seasons, but in general, the best results were obtained by 2-4% concentrations (Miller
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and Tworkoski 2010). Higher concentrations tended to over-thin and reduce yields without significant
increases to fruit size.

Fungicidal activity

Ten plant pathogens, including Botrytis cinerea, were cultured from diseased plants and exposed to euge-
nol under controlled conditions in China. The EC, value of eugenol on B. cinerea growth was 38.6 pg/mL
(Wang et al. 2010). The same study showed that eugenol had an EC, value on Sclerotinia sclerotiorum of
39.94 pg/mL. The other species were moderately sensitive to eugenol with EC_, values ranging from 46.7
t0 96.9 pg/mL.

Standards and Regulations

EPA Requirements

According to 40 CFR 180, eugenol does not have a tolerance and is not exempt from the requirement of a
tolerance. Therefore, it is only permitted for non-food uses. As of 2017, there were 14 products registered
with EPA that contained eugenol as an active ingredient (US EPA 2017).

FDA Requirements

Eugenol that meets the Food Chemicals Codex specification as food grade is Generally Recognized As
Safe (GRAS), along with other clove derivatives [21 CFR 184.1257]. Eugenol is also permitted to be used in
over-the-counter (OTC) drugs for the following uses: analgesic and anesthetic; fever blister and cold sores;
poison oak, poison ivy and poison sumac treatments; and as an astringent [21 CFR 310.545]. Zinc oxide
mixed with eugenol is permitted to be used as a dental cement [21 CFR 872.3275]. However, eugenol and
other clove oil constituents are not approved as animal drugs, and the FDA has voiced concerns about its
use as a fish anesthetic (FDA CVM 2007).

Other Regulatory Requirements

Synthetic eugenol is prohibited for use in organic farming under the USDA's National Organic Program
(NOP) [7 CFR 205.105(a)]. Natural extracts of eugenol are allowed by the NOP and may be used as a bo-
tanical pesticide [7 CFR 205.206(e) and 7 CFR 205.602].

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) recommends an allowable daily intake of
2.5 mg/kg body weight (JECFA 2001).
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